Conclusions-In the term fetus, collagen metabolism is primarily dependent on maturity and not on intrauterine growth status, whereas IGFBP-1 reflects intrauterine growth independently of maturity. (Arch Dis Child Fetal Neonatal Ed 2000;83:F17-F20) 
Propeptides of collagen type I C-terminal propeptide (PICP) and collagen type III N-terminal propeptide (PIIINP) can be measured in plasma as markers of collagen formation. 1 2 Similarly, when collagen type I is degraded, its C-terminal cross linked telopeptide, ICTP, is formed. 3 In adults PICP and ICTP correlate with histomorphometric indices of bone formation and resorption. 4 In children, serum concentration of PIIINP correlates with growth velocity. 5 6 The concentration of PIIINP in cord blood has been reported to mirror the shape of the fetal somatic growth velocity curve (g/kg/day) during the second half of pregnancy. 7 At birth, small for gestational age (SGA) infants have lower concentrations of PIIINP than infants appropriate for gestational age (AGA). 8 However, the opposite has also been found. 9 DiVerent results have been reported on the relation between fetal growth status and circulating concentrations of collagen propeptides at birth. Infants of diabetic mothers have been shown to have higher concentrations of ICTP, but not of PICP, than normal controls. 10 On the other hand, in term infants a negative correlation has been found between the concentration of ICTP in cord blood and birth weight. 11 The action of insulin-like growth factors (IGFs) is modulated by IGF binding proteins (IGFBPs). [12] [13] [14] In the fetus the major source of IGFBP-1 is the liver, and the main regulator of IGFBP-1 in the circulation is insulin. 15 In the fetal circulation, the concentration of IGFBP-1 decreases with increasing gestational age; close to term this association seems to disappear. [16] [17] [18] In most studies, but not all, a negative correlation has been found between the concentration of IGFBP-1 in cord blood and birth weight. [16] [17] [18] An interrelation may also exist between IGFBP-1 and collagen metabolism. IGF-I stimulates collagen synthesis and accumulation of collagen mRNA in vivo and in vitro, 19 20 whereas IGFBP-1 inhibits the eVects of IGF-I in a number of cell types and tissues. 21 22 On the basis of the studies described above, it may be hypothesised that, in the term human infant at birth, collagen metabolism is dependent on somatic growth and maturity, and that IGFBP-1 reduces the turnover of collagen. Therefore the aims of this study were to clarify whether markers of the metabolism of collagen types I and III and IGFBP-1 reflect intrauterine growth and maturity in term infants, and whether any association exists between these markers and IGFBP-1.
Methods
The study population consisted of 67 healthy term newborns (36 boys and 31 girls). Table 1 presents the patient data. The study was approved by the local ethics committee. Relative birth weight was determined by reference to a Finnish newborn population of 74 766 singeltons born 1978-1982. Using infant birth weight, gestational age, and sex, the relative birth weight of each newborn infant was expressed in standard deviation units (SD units). 23 Of the infants studied, 39 were AGA (birth weight range 2640-4520 g; −1.9 to +1.9 SD), 11 were large for gestational age (LGA; Blood samples from the umbilical vein were drawn at birth into tubes containing EDTA. The tubes were centrifuged at 1000 g and plasma was stored at −20°C until analysis. PICP, ICTP, and PIIINP were determined by radioimmunoassay (Orion Diagnostica, Espoo, Finland).
1-3 IGFBP-1 was analysed by immunoenzymometric assay as described previously. 24 The detection limit of the assay is 0.5 µg/l. The intra-assay and interassay coeYcients of variation were 3.4% and 7.4% respectively. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . Patient data are given as mean (SD) (table 1). The results are given as median and quartiles. Correlations of PICP, ICTP, PIIINP, and IGFBP-1 concentrations were calculated with simple and multiple regression after logarithmic transformation. The eVect of gestational age on correlations between variables was eliminated by calculation of partial correlations. Polynomial regression was used to study non-linearity. DiVerences between groups (AGA, SGA, LGA) were analysed using analysis of variance and Fisher's post hoc test after logarithmic transformation of the data. In analysis of variance, p < 0.05 was considered significant.
Results
A negative correlation existed between cord blood PIIINP and gestational age (r = −0.432, p = 0.0003; fig 1A) . Also negative, but somewhat weaker, correlations were found between both PICP and ICTP and gestational age (r = −0.294, p = 0.0158, and r = −0.338, p = 0.0052 respectively; fig 1B,C) . Table 3 shows concentrations of collagen markers and partial correlations between individual variables with gestational age partialled out. A weak positive correlation existed between PIIINP and relative birth weight (r = 0.245, p = 0.045), but not with other patient data. PICP, ICTP, and PICP/ICTP showed no correlation with relative birth weight, demographic data, or biochemical variables. There was no evidence of significant non-linearity between patient data and markers of collagen metabolism.
IGFBP-1 was measured in 36 infants (table  4) . Negative correlations were found between IGFBP-1 and birth weight (r = −0.644, On the basis of their intrauterine growth, the patients were divided into three groups: AGA, LGA, and SGA (table 2). A higher concentration of PIIINP was found in LGA than in AGA or SGA infants, whereas the concentration of ICTP was lower in LGA and SGA than in AGA infants (table 4) . However, no significant diVerence in ICTP was found between LGA and SGA. The ratio of PICP/ICTP was higher in LGA than in AGA. In LGA the concentration of IGFBP-1 was lower and in SGA higher than in AGA (all p < 0.05; table 4). In SGA infants, significant negative correlations existed between gestational age and PIIINP (r = −0.757, p = 0.0004), PICP (r = −0.560, p = 0.019), and ICTP (r = −0.669, p = 0.0033).
Discussion
In term fetuses we found a negative correlation between the metabolism of type I and III collagen and gestational age. This dependence was observed in collagen formation markers, PIIINP and PICP, as well as in the marker of degradation of type I collagen, ICTP. Moreover, the dependence was also found in the presence of fetal growth retardation-that is, in SGA infants.
A negative correlation between PIIINP and gestational age has previously been found in infants of 23-41 weeks gestation. 7 The present results show that this phenomenon is seen in term infants of 37-42 weeks gestation as well. The findings are also in accordance with previous data showing lower concentrations of PIIINP in SGA infants than in AGA infants. 8 Moreover, we found significantly higher PIIINP in LGA than in AGA infants, and particularly in SGA infants. This may reflect diVerences in somatic growth, and is supported by the correlation between birth weight and lean mass described previously. 25 These results are in contrast with a report by Yunoki et al, 9 in which no significant diVerence was found in this variable between LGA and SGA infants. This discrepancy may be due to diVerent selection of subjects, as the previous report included neonates of 20-41 weeks of gestation. 9 The negative correlation between gestational age and collagen metabolism was also seen in turnover markers of collagen type I. The interrelation between maturity and markers of formation and degradation of collagen type I has not previously been studied at birth. At 4 weeks of age, preterm infants have been reported to have higher ICTP than term infants, whereas at this age no significant diVerence exists in PICP. 26 In children, PICP, the marker of collagen type I formation, and ICTP, the marker of collagen type I degradation, both correlate with growth velocity during puberty and treatment with growth hormone. 5 27 In the infants in this study, a correlation existed between PICP and gestational age, but no statistically significant diVerence in PICP was found between the groups. One factor that may contribute to this is the large biological variation observed in PICP in LGA infants. Therefore, in addition to maturity, PICP may also be associated with somatic growth during the late fetal period.
In contrast with PICP, ICTP concentrations were significantly lower in LGA and SGA than AGA infants. Interestingly, no significant diVerence was found in this variable between the LGA and SGA groups. The low ICTP in SGA infants is in accordance with the concept of ICTP reflecting growth velocity, as previously shown in children. 5 On the other hand, the finding of lower ICTP in LGA than AGA infants is also supported by a previous report. 2 Thus, in these two extremes of fetal growth, low ICTP may reflect two diVerent metabolic states: in SGA infants it may be due to low collagen turnover, whereas in LGA infants it may indicate decreased degradation of collagen type I in a situation of considerable anabolic growth.
The PICP/ICTP ratio has been used as an indicator of the balance between collagen synthesis and degradation-for example, systemic glucocorticoid treatment causes a decrease in this ratio. 28 Accordingly, the higher PICP/ICTP Log PIIINP (µg/l) [12] [13] [14] We found that IGFBP-1 correlated inversely with the growth status of the fetus. This finding is in accordance with previous data. 16 17 In contrast with the data on markers of collagen I and III, there was no interdependence between gestational age and IGFBP-1 concentration. Therefore, in term infants of 37-42 weeks gestation, IGFBP-1 seems to be dependent on fetal growth status, and not on gestational age. In contrast with a previous study, we observed no eVect on mode of birth on IGFBP-1 levels. 29 Animal studies have suggested that IGFBP-1, either directly or by blocking the action of IGF-I, may act as an inhibitor of collagen synthesis. 19 20 30-32 In this study, a significant negative correlation was found between PIIINP and IGFBP-1, a result that may support this phenomenon. However, no such correlation was found between IGFBP-1 and markers of collagen type I. Therefore, in the term fetus, the impact of maturity on collagen metabolism may predominate over other regulatory mechanisms.
In conclusion, in the human fetus at termthat is, at gestational age 37-42 weeks, a negative correlation exists between markers of collagen I and III and maturity. In contrast, IGFBP-1 shows dependence on fetal growth, but not on gestational age. This study was supported by grants from Helsinki University Central Hospital Research Fund and Finska Läkaresällskapet.
